Background: Magnetic resonance imaging (MRI) has become a diagnostic and problem solving method for the breast examinations in addition to conventional breast examination methods. Diffusion-weighted imaging (DWI) adds valuable information to conventional MRI. Aims: Our aim was to show the impact of apparent diffusion coefficient (ADC) values acquired with DWI to differentiate benign and malignant breast lesions. Study Design: Diagnostic accuracy study. Methods: Forty-six women with 58 breast masses (35 malignant, 23 benign) were examined on a 1.5 T clinical MRI scanner. The morphologic characteristics of the lesions on conventional MRI sequences and contrast uptake pattern were assessed. ADC values of both lesions and normal breast parenchyma were measured. The ADC values obtained were statistically compared with the histopathologic results using Paired Samples t-Test. Results: Multiple lesions were detected in 12 (26%) of the patients, while only one lesion was detected in 34 (74%). Overall, 35 lesions out of 58 were histopathologically proven to be malignant. In the dynamic contrast-enhanced series, 5 of the malignant lesions were type 1, while 8 benign lesions revealed either type 2 or 3 time signal intensity curves (85% sensitivity, 56% spesifity Breast cancer is the most common cancer in females worldwide and the second main cause of cancer death following lung cancer. Approximately 12% of women will experience breast cancer during their lifetime (1). Therefore, breast cancer maintains its importance as a serious public health issue. The major risk factors comprise family history, genetic predisposition caused by the presence of a BRCA1 or BRCA2 gene mutation, and previously acquired breast lesions including fibrovascular papilloma, atypical ductal and lobular hyperplasia, and ductal and lobular carcinoma in situ (2,3).
Breast cancer is the most common cancer in females worldwide and the second main cause of cancer death following lung cancer. Approximately 12% of women will experience breast cancer during their lifetime (1) . Therefore, breast cancer maintains its importance as a serious public health issue. The major risk factors comprise family history, genetic predisposition caused by the presence of a BRCA1 or BRCA2 gene mutation, and previously acquired breast lesions including fibrovascular papilloma, atypical ductal and lobular hyperplasia, and ductal and lobular carcinoma in situ (2, 3) .
Imaging is crucial to diagnose and evaluate the stage and extent of breast cancer. Therefore, three types of radiologic techniques, including mammography, ultrasonography (US) and breast magnetic resonance imaging (MRI), are implemented. As a basic breast cancer scanning method, mammography is highly available, with a short scanning time.
It has high diagnostic accuracy, particularly in the elder age group, due to the relatively increased fatty components of breast tissue. The sensitivity ranges between 63-87% depending on the degree of breast density and age (4) (5) (6) . Thus, especially in dense breast tissue, further imaging methods are applied to improve the diagnostic accuracy. At least a single scanning with US in addition to mammography has been reported to yield a substantial increase in sensitivity and specificity, particularly in dense breasts (7) . The main restrictions of US are the inability to detect the microcalcifications representing ductal carcinoma in situ and the fact that it is user-dependent (8) . Mammography and US may be inefficient in problem solving in terms of evaluating the real size and extent of lesions, multicentricity, differentiation of residue tumor and granulation tissue following breastconserving surgery. Therefore, in challenging cases, MRI is carried out as a complementary diagnostic tool due to its superior soft tissue resolution, and capability of multiplanar and dynamic contrast enhanced (DCE) imaging without any exposure to ionizing radiation (9, 10) .
DCE-MRI has been a sensitive method for the lesion detection, although it yields low to moderate specificity for the discrimination of malignant vs. benign lesions (11) (12) (13) (14) . In recent years, diffusion-weighted imaging (DWI), albeit not routinely used as a part of breast MRI protocol, with the implementation of ultrafast MRI sequences contributes to the evaluation of breast lesions (15) (16) (17) . The principle of the DWI is related to the Brownian movement of the water particles, which is restricted due to structure of the environment depending on the cellularity degree of the lesions (18, 19) . The apparent diffusion coefficient (ADC) value as a quantitative measurement of diffusion has been observed by several studies to further help lesion characterization and discrimination when evaluated along with DCE-MRI (20) (21) (22) .
In our current study, we aimed to show the contribution of ADC values in the differentiation of histopathologically proven malignant and benign breast lesions.
MATERIALS AND METHODS

Patients
Forty-six women with previously detected solid breast masses with either US or mammography were recruited for this study with permission of the local Ethics Committee. Patients provided written informed consent. All MRI examinations were acquired prior to biopsy procedure. Those patients who were either pregnant or had general contraindications for MRI, including having implanted devices (e.g. clips, pacemaker), were excluded.
Five of the locally advanced breast carcinoma lesions were diagnosed with tru-cut biopsy, while other patients with either malignant or benign lesions of the breast underwent excisional biopsy.
MRI scanning
All MRI examinations were acquired on a 1.5 T clinical MR scanner (Intera; Philips, Netherlands). Both breasts were scanned with a dedicated four-channel breast coil (Sense breast coils, Philips, Netherlands) in the prone position. In order to avoid probable effects of menstrual cycle on ADC values, acquisitions of the premenopausal subjects were acquired between the 7 th and 12 th days of the cycle. Acquired sequences were as follows: Axial T1-and T2-weighted fat-suppressed turbo spin echo (TSE), and axial dynamic 3D fast field echo (FFE) T1-weighted sequence before and following the administration of 0.1 mmol/kg intravenous Gadobenate dimeglumine (MultiHance; Bracco Imaging, Milan, Italy) injection. Prior to contrast material administration, using single shot echo planar imaging (SS-EPI) sequence with the b values of 0 and 750 mm²/s, DWI was acquired with the parameters of time to repetition/time to echo (TR/TE): 5000/62 ms; matrix: 80x128; number of excitations (NEX): 2; field of view (FOV): 190x190 mm; slice thickness: 3.5 mm; slice gap: 0.5 mm. DW images were obtained in 165 seconds.
Lesion assessment
The images were assessed blinded to clinical, US, and mammography findings by two radiologists (G.S, M.F.G) with 3 and 10 years of experience in breast MRI, respectively. After the generation of ADC maps, all images were sent to a commercially available workstation (EWS, Philips Medical) in order to measure ADC values and draw time signal intensity curves of the lesions. The region of interest (ROI), with the size of 10 mm², was placed manually within the lesions avoiding the cystic-necrotic and hemorrhagic components and normal contralateral breast parenchyma trying to avoid fatty areas. The lowest ADC value was taken into account when different ADC values were obtained within a lesion. Since the lesions with a diameter of less than 1 cm are often hard to visualize on DWI, these were not included in the study.
Statistical analysis
The ADC values of malignant and benign lesions and normal breast were considered continuous dependent variables and compared using Paired Sample t-test. The sensitivity, specificity, and p value were measured. P value was considered statistically significant when <0.05. The statistical analysis was performed with a software package (Statistical Package for Social Sciences, version 15.0, SPSS Inc; Chicago, Illinois, USA).
RESULTS
The mean age of the patients was 49.07±18.10 years with the range from 20 to 84 years and the difference between the patients with malignant vs. benign lesions was statistically significant (33.9±12.6 years vs. 57.2±15.2 years, p<0.03).
In 46 patients, 58 lesions were detected: 12 patients (26.08%) had multiple lesions, while a single lesion was detected in 34 (73.9%). Consequently, 35 lesions were histopathologically diagnosed as malignant: invasive ductal carcinoma (n=19), invasive lobular carcinoma (n=4), apocrine carcinoma (n=2), invasive papillary carcinoma (n=2), medullar carcinoma (n=3), malignant epithelial tumor (n=1), metaplastic carcinoma (n=1), invasive ductal and invasive lobular carcinoma (n=1), invasive ductal and micropapillary carcinoma (n=1), and invasive ductal and invasive cribriform carcinoma (n=1). Overall, 23 lesions were proven to be benign: Fibroadenoma (n=18), hamartoma (n=1), fibrocystic change (n=3), and fat necrosis (n=1). The lesion size ranged from 15.3 mm to 83.5 mm (mean size 36.4±18.0 mm). Malignant breast lesions were larger than benign ones (mean size 41.4±12.0 mm vs. 18.7±9.0 mm, respectively, p<0.001).
The time signal intensity curves of the breast lesions obtained from dynamic series were as follows: type 3 (wash out) was detected in 23 (65.7%), while 5 (14.2%) and 7 (20%) of the malignant lesions revealed type 1 (steadily increasing signal intensity) and type 2 (plateau) time signal intensity curves. Overall, 13, 4, and 6 of the benign lesions had type 1, 2, and 3 time signal intensity curves, respectively. If the type 1 time course is considered to be associated with benign lesions, the shape of time signal intensity curve was found to have 85% sensitivity and 56% specificity to detect malignant lesions.
The /s detected by the peak of the receiver operating characteristic curve yielded 89.1% sensitivity and 100% specificity for the discrimination of malignant lesions from benign ( Figure 1 ). There was no statistically significant difference between the mean ADC values of benign lesions and normal breast parenchyma (p=0.134).
DISCUSSION
This study evaluates the ADC values of solid breast lesions obtained prior to biopsy procedure and the results indicate a significant difference between malignant and benign lesions. A threshold ADC value of 1.30x10 -3 mm 2 /s in the study is compatible with the range of 1.1-1.60x10 -3 mm 2 /s, which has been reported in the literature and helps to distinguish benign vs malignant lesions with 89.1% sensitivity and 100% specificity (15, (22) (23) (24) (25) (26) .
Several studies that evaluated breast lesions using DWI have reported a range of mean ADC values of malignant breast lesions between 0.87±0. 23 /s). Since micropapillary carcinoma is histopathologically defined as the reproduction of tumor cell batches within blank stromal spaces, the relatively increased ADC value compared to invasive carcinomas may be related with randomly moving water molecules within that interstitium (27) .
The range of ADC values of malignant and benign lesions mildly overlapped in accordance with the literature: 3 out of 18 fibroadenomas, which were subsequently diagnosed histopathologically, showed a relatively decreased mean ADC value of 1.16±0.13x10 -3 mm 2 /s. The possible reason for the low ADC in fibroadenomas has been reported as predominance of the fibrous component (28, 29) .
The ADC values were shown to better correlate with malignancy compared to time signal intensity curves, which revealed Sensitivity 85% sensitivity, and 56% specificity to detect malignant lesions.
In the literature, a wide range of sensitivity (56-83%) and specificity (46-91%) rates of either type 2 or type 3 time signal intensity curves for the detection of malignant breast lesions have been reported (30, 31) . Because of this overlap in enhancement characteristics of benign and malignant breast lesions, not only reliance on kinetics assessment but combination with morphologic assessment and DWI findings is recommended.
DCE-MRI reflects the vascular permeability, changes in interstitial pressure and extracellular space content. Although this technique is closely related to the vascularity of the lesions, there is no direct connection between the pattern of contrast enhancement and the amount of tumor cellularity (28) . In the literature, some malignant lesions, including papillary, medullary, and some intraductal carcinomas, metastatic lesions, and lymphoma, have been reported to enhance more slowly and to a lesser degree than other malignant breast tumors (29, 32) . Besides, some benign breast lesions may imitate malignant lesions in terms of contrast uptake pattern due to proliferative activities of hyperplastic parenchymal cells (28) . Particularly in the acute period of fat necrosis, proliferative dysplasia, and myxoid fibroadenoma, scar tissue formed very fast following surgical procedures (within first 6 months) and radiotherapy (within first 18 months) and vivid contrast uptake in the early period may be observed (32, 33) . In concordance with the literature, 5 malignant lesions of 35, including 2 of the medullary carcinoma, invasive mixed carcinoma, metaplastic carcinoma, and invasive lobular carcinoma revealed type 1 time signal intensity curve, as well as 5 of the fibroadenomas and one lesion of fat necrosis, were found to have type 3 curves (Figure 2, 3) .
Balkan
As shown in our current study, DWI holds promise to improve the diagnostic performance of DCE-MRI (34) ter content. Malignant tumors consisted of intensely packed and randomly organized tumor cells interfere the effective movement and restrict diffusion of water particles. Conversely, higher ADC values are usually associated with well-differentiated tumors or benign conditions. In keeping with our findings, in previous studies, lower ADC values were reported to be associated with malignant breast tumors rather than benign conditions (35, 36) . Constantini et al. (37) reported an inverse correlation between the tumor grade and ADC values. When obtaining DWI, the selection of b value is of great importance. At b values of 400 s/mm 2 and below, the ADC value is affected with the diffusion of water as well as the microcirculation of blood located in the capillary bed of tissues and perfusion (27) . As a consequence, lower b values result in higher ADC values. Although no consensus exists on the appropriate b value, Pereira et al. (26) compared the ADC values of malign breast tumors acquired at various b values and reported the ADC values at 750 mm²/s to be more sensitive than lower ones for the estimation of malignant potential (19) . Similarly, as the preferred b value at our institution, 750 mm²/s was implemented. Since the higher b value means a lower signal to noise ratio, the optimization of DWI with appropriate b value is essential without a significant compromise on resolution.
The study has several limitations to be considered. Since breast lesions with the diameter of less than 1 cm are hard to visualize with DWI and may exhibit incorrect ADC values, those lesions previously detected with either US or mammography were not included in our study (27) . Therefore, DWI has to be an adjunct technique to conventional sequences and DCE-MRI for the detection and assessment of breast lesions of various sizes. Since prolonged acquisition time may lead to misalignment artifacts caused by patient motion, we utilized a combined b value of 0 and 750 mm²/s. However, whether the selection of b values would influence ADC measurements acquired from breast lesions is controversial (26, 38) . Thus, the optimum ADC value, reducing T2 shine through and perfusion effect while maintaining resolution, should be investigated with further clinical studies.
In conclusion, DWI, as used worldwide in other fields of diagnostic imaging, is a promising method in breast imaging. Although it is not routinely included in breast MRI protocol, the implementation of DWI is simple, without any significant time compromise. Furthermore, quantification of the method using ADC value measurements may help to more accurately predict the malignant potential of breast lesions prior to histopathological sampling. 
